The aim of this study was to evaluate the results of the surgical treatment of bisphosphonaterelated osteonecrosis of the jaw (BRONJ) in a large cohort. Materials and Methods: A retrospective cohort multicenter study was designed. Patients were enrolled if they were diagnosed with BRONJ and received operative treatment. Data on demographic, health status, perioperative, and surgical factors were collected retrospectively. The primary outcome variable was a change in BRONJ staging (improvement, worsening, or no change). Interventions were grouped by local debridement and resective surgery. Data were collected for other variables as cofactors. Univariate analysis and logistic regressions were then performed. Results: Of the 347 BRONJ-affected subjects, 59% showed improvement, 30% showed no change, and 11% showed worsening. Improvement was observed in 49% of cases treated with local debridement and 68% of cases treated with resective surgery. Multivariate analysis indicated that maxillary location, resective surgery, and no additional corticosteroid treatment were associated with a positive outcome. Conclusions: Surgical treatment of BRONJ appeared to be more effective when resective procedures were performed. Nonetheless, other factors, such as the absence of symptoms and the types of drug administration, should be taken into account before clinical decisions are made.
Bisphosphonates (BPs) are unstable equivalents of pyrophosphate that bind selectively to the bone and are supposed to act selectively on osteoclasts during high bone turnover, resulting in an antiresorptive effect. 1, 2 BPs are used widely in the management of systemic metabolic disorders, such as osteoporosis and Paget disease. 3 Long-term BP endovenous infusion is administered to control hypercalcemia in malignant cases and to prevent skeletal complications, such as pathologic fractures or nerve compressions associated with bone metastasis, in different solid tumors, including breast, prostate, and lung cancers. 4 However, BPs are strongly related to the development of a form of osteonecrosis of the jaws. 5, 6 BPrelated osteonecrosis of the jaws (BRONJ) has been clearly defined as a clinical scenario characterized by 3 diagnostic features: 1) current or previous treatment with a BP; 2) the presence, for longer than 8 weeks, of exposed bone in the maxillofacial region; and 3) no history of radiation therapy to the jaws. 7 Moreover, recent evidence has suggested that a nonexposed form of BRONJ may represent an insidious clinical variant that clinicians should always consider in their diagnostic process. 8, 9 The dental and medical communities are currently aware of this clinical entity. Clinical and research evidence is increasing, and several cases have been identified. 6 BRONJ management is under debate within the medical and dental communities. Conservative approaches such as drug interventions, 10 hyperbaric treatment, 11 and laser applications 12 have been advocated to decrease the symptoms and frequency of disease recurrence. In contrast, surgical management has been suggested to address necrotic bone exposures 13 ,14 but appears to produce controversial clinical outcomes. Indeed, the results may be affected by numerous variables, such as current staging, the timing of the intervention, the technique used, the need for reconstruction, and the extent of the resection (ie, resective or local debridement). However, the data on the surgical management of BRONJ are very limited and usually associated with a single center.
Therefore, the purpose of this study was to collect and analyze the data from 9 clinical centers throughout Italy to describe and assess the outcomes of the surgical management of BRONJ. The investigators hypothesized that some factors, such as changes in clinical staging, may be associated with positive clinical outcomes. Among these, some characteristics of surgical intervention, such as bone removal, were observed. Therefore, the specific aims of the study were to describe the percentages of improvement in clinical staging according to the type of intervention (with or without bone removal) and the characteristics of the population.
Materials and Methods

STUDY DESIGN AND SAMPLE
To address the research hypothesis, the investigators designed a retrospective study involving 9 clinical centers throughout Italy: 6 in southern Italy; 1 in central Italy; and 2 in northern Italy. The centers in northern Italy included a broader network of 20 clinical departments, such as oral medicine; oral surgery; maxillofacial surgery; ear, nose, and throat; and hematology, and medical oncological units across the entire Piedmont region (Table 1) . Because of the retrospective nature of this study, involving only routine procedures, IRB approval was not necessary.
Eligible subjects were identified from the patients of the respective clinical centers. The trial included only those 1) diagnosed with BRONJ, 2) surgically treated for BRONJ, 3) whose clinical files were available, and 4) treated from January 2004 through December 2008 with at least a 12-month follow-up.
STUDY VARIABLES AND DATA COLLECTION
Surgical outcome, the primary outcome, was assessed based on a 3-degree scale: improvement, no modification, or worsening. 15 Improvement was defined as transition to a less severe stage, according to the classification of Ruggiero et al, 16 6 months after the surgical intervention. The calibration of BRONJ was carried out by the researchers in 3 national BRONJ meetings. During data collection, disagreements were resolved after a discussion with the study coordinator (G.C.).
The descriptive analysis was performed based on the 3-degree scale. Inferential statistical analysis also was performed, with negative outcomes (no modification and worsening) grouped to increase the clinical relevance of the data.
Each outcome was then analyzed according to a set of predictor variables: demographic; health; perioperative; and operative.
Operative variables were grouped according to the types of surgical interventions and were divided into 2 procedural categories: local debridement and resection. Local debridement was comprised of all surgical interventions, such as sequestrectomy, soft tissue debridement, and curettage, that did not require bone surgery beyond the regular margins. Resective procedures were defined as corticotomy, surgical removal of the lesion, and extended bone removal without prejudice for the continuity of the mandible/maxilla. The choice of the type of intervention was based on the personal experience of the surgeon.
DATA ANALYSES
Data were entered into an Excel 2003 (Microsoft, Redmond, WA) database and proofread for entry er-rors. The database was subsequently locked, imported into SPSS 17.0 for Windows (SPSS, Inc, Chicago, IL) and R 2.10 (Statistics Department of the University of Auckland, Auckland, New Zealand), formatted, and analyzed. The statistician was masked by the assignment of Greek letters to the variables. The Cramér-von-Mises and Shapiro-Wilk tests were used to check the normality of data distribution and assess whether parametric tests should be performed. The introductory phase was concluded with a statistical power analysis (retrospective) to estimate the sample size required for the specific tests. For significant variables, the 1 Ϫ ␤ value was mostly higher than 0.8, ensuring a low risk of type II error in univariate analysis. Univariate analysis was performed by the t test or the Mann-Whitney test, according to the normality of continuous data distribution, whereas the 2 test with the Yates correction for continuity was used for the percentage data. Probabilities were determined with 95% confidence intervals. Logistic regressions were then applied in a generalized linear model used for binomial regression, with the outcome of surgical intervention as a dependent dichotomy variable (improved/not worse). The regression was performed according to the initial stage.
Results
SAMPLE CHARACTERISTICS
For the survey, 347 subjects (230 women, 66%; average age, 67 yr; standard deviation, 11 yr; age range, 34 to 92 yr) were selected. An oncologic diagnosis had been made in most cases (90%). Multiple myeloma was the primary pathology in 36% of cases (126 subjects), followed by breast cancer in 29% (99 subjects), and prostate cancer in 10% (34 subjects). Forty-three subjects received BPs for osteoporosis treatment (12%). Other indications were chest, colon, and thyroid tumors. Thirty percent of the subjects also had concomitant pathologies. Nine percent of the subjects had diabetes, 20% had hypertension, and 7% had heart disease. BP administration was mainly endovenous (88%). The BPs used were zoledronate (241 subjects, 60%), followed by pamidronate (42 subjects, 10%), alendronate (31 subjects, 8%), clodronate (13 subjects, 3%), and risedronate (3 subjects, 1%). Ibandronate and neridronate were taken by 2 separate subjects. The identification of BPs used was not possible in the remaining 15 subjects. The BP treatment was administered for an average of 23 months (range, 1 to 71 mo; 95% confidence interval, 20 to 24 mo) before the BRONJ diagnosis. One hundred fourteen subjects (33%) also received corticosteroids. The BRONJ lesions were mainly symptomatic (319 subjects, 92%), and bone exposure was detectable in the vast majority of cases (305 subjects, 88%). Pus was detected in 56% of cases (181 subjects) and fistulas in 17% (57 subjects). Sixty-five percent of the lesions were located in the mandible (226 subjects), 29% (100 subjects) in the maxilla, and 6% in the maxilla and mandible. The main event leading to BRONJ was extraction (212 subjects, 63%). A reasonable explanation for BRONJ was detected in 68% of cases (226 subjects). Prosthetic trauma was detected in 9 cases (3%), and periodontal disease, osteitis, and other causes accounted for 1% (5 subjects) of the total. The most frequent stage of BRONJ was stage II (208 subjects, 60%), whereas stage I (96 subjects, 28%) and stage III (34 subjects, 10%) were less common. The stages in the remaining 2% of the sample were not classified.
CLINICAL DATA
During follow-up, after the first 6 months, 51 subjects (15%) died. Most treatments were performed by a dental graduate (242 cases, 70%), whereas the remaining subjects were treated by a maxillofacial surgeon. The surgical interventions consisted mainly of local debridement (66%).
For the surgical outcome, 59% of subjects showed improvement after surgery, 30% showed no change, and 11% exhibited a worsening of their clinical condition. Univariate analysis of the factors affecting the outcome indicated that several preoperative clinical variables were associated with the clinical outcome ( Table 1 ). The presence of preoperative clinical symptoms, such as pain, pus discharge, and fistulas, was associated with a negative prognosis. In particular, the location of the lesion (mandible), the administration of cortisone/endovenous BPs, and radiologic signs of necrosis were strongly associated with negative outcomes.
The characteristics of the 2 study populations (surgical debridement vs resective surgery) are presented in Table 2 .
After surgical debridement, 49% of cases showed improvement, with no improvement in 35% and worsening in the remaining 16%. Resective surgery resulted in a statistically significant difference (P ϭ .002) because improvement was seen in 68%, with no improvement in 27% and a worse clinical condition in 5%.
Analysis showed positive outcomes (Table 3) in patients with stage II lesions treated with resective surgery. Conversely, patients with stage I lesions treated with local debridement showed greater, albeit modest, improvement. Those with stage III lesions showed no significant clinical improvement.
Logistic regression indicated that treatment, drug administration, and the location of the lesion could affect the outcome (Table 4) . 
Discussion
This study retrospectively assessed, in a large cohort, the clinical results of different surgical interventions performed as part of the management of subjects affected by BRONJ. The rationale for the study was based on the hypothesis that some clinical factors may be prognostically associated with positive clinical outcomes. The primary focus was on the type of surgical intervention. Therefore, the specific aims of the study were to describe the percentage of improvement of clinical staging according to the type of intervention (with or without bone removal) and according to some characteristics of the population.
Numerous surgical interventions, ranging from conservative curettage of the necrotic lesion to major resection/reconstruction of the necrotic portion, have been advocated for the treatment of BRONJ. 13, 17, 18 Usually, the decision to perform surgery reflects the attitude of the surgeon/school because there have been no randomized clinical trials evaluating the effectiveness of 1 specific technique over another. Moreover, the different ways in which the disease manifests may influence the decision as to whether to perform surgery. An analysis of the present data indicated that resective surgery can effect a clinical improvement because almost 70% of the patients showed disease regression. These results are significant because minor resective surgery has been used in more advanced cases (stages II and III), has limited morbidity, and may be performed with patients under only local anesthesia. The present data are in agreement with previous reports advocating resective surgery as an elective technique. [19] [20] [21] Carlson et al. 14 reported a success rate of 91% in 82 patients. These findings also are confirmed in 1 of the few prospective studies on BRONJ surgery, which showed that the minimal resection of necrotic bone and the closure of local soft tissue could be feasible treatment strategies to achieve clinical improvement 6 months after surgery. 22 Conversely, conservative surgical treatment, namely the surgical removal/debridement of necrotic tissues, has yielded controversial results. Surprisingly, less severe cases, such as stage I, treated mainly with local debridement have not shown the same positive outcomes as noted in more advanced cases. Approximately half of those treated with local debridement do not show clinical improvement. Stanton and Balasanian 23 retrospectively analyzed 30 patients affected Note: A relative risk lower than 1 indicates a protective effect against a negative outcome, whereas a relative risk higher than 1 indicates a tendency toward a negative outcome. The relative risk for subjects who underwent resective surgery (reference group) is 0.7 (confidence interval, 0.4 to 0.8; P ϭ .002). Therefore, a resective intervention seems to have a significant protective effect against a negative outcome. The risk of subjects after a resective intervention to have a negative outcome is 30% lower than in subjects after local debridement. Note: An odds ratio lower than 1 indicates a protective effect against a negative outcome, whereas an odds ratio higher than 1 indicates a tendency to a negative outcome. Significant results were obtained for surgical intervention, corticosteroid treatment, and location. The probability of subjects not treated with corticosteroids to have a negative outcome is 60% lower than in the other patients. The same findings are noticed for lesions located in the maxilla. The probability to achieve a negative outcome after resective surgery is 70% lower than after local debridement. Abbreviations: BPs, bisphosphonates; CI, confidence interval; OR, odds ratio. by BRONJ lesions treated with surgical debridement. Twenty-five patients showed a significant benefit, resulting in clinical success. However, no information on the stage of the disease before surgery and no follow-up on relapses were provided. Stockmann et al 24 reported an 89% success rate 1 year after conservative surgery in 50 patients. Another report on 24 subjects treated with the removal of necrotic bone showed failure in only 4 subjects with stage III lesions. 17 According to these investigators, conservative treatment may be a successful option for less advanced cases.
Some additional factors can affect outcome. From an epidemiologic point of view, lesions are more frequently associated with the mandible. 23, [25] [26] [27] This is probably due to the minor thickness of the mucosa and its lower vascularization compared with that of the maxilla. Indeed, an analysis of the present data indicated that maxillary lesions have a better prognosis. BRONJ is strongly associated with an oncologic diagnosis. These findings are compatible with those of previously reported studies. 28, 29 However, the positive association between the oral administration of BPs and a positive surgical outcome disagrees somewhat with previous reports based on smaller samples. 17 Surgical outcome also appears to be influenced by corticosteroid therapy. Indeed, corticosteroids appear to be associated with more severe BRONJ lesions, with an unpredictable prognosis. 30 Steroids are routinely incorporated into anticancer therapeutic regimens and may be administered intravenously or orally. Although steroid use has long been associated with osteonecrosis of the long bones, the role of corticosteroids in the pathogenesis of osteonecrosis is unclear. 31, 32 Therefore, a possible role of corticosteroid cessation during treatment needs further investigation.
The literature has reported various surgical options for the treatment of advanced BRONJ. However, the overall results can be affected by some possible biases. Most studies are retrospective. Moreover, the sample size is rarely comprised of more than 100 subjects, and short follow-ups are often reported. Therefore, the results may reflect the positive clinical scenario of a specific center more than the predictability of the technique. Also, 1 study did not take into account the levels of terminal C-telopeptide because most patients received treatment before C-telopeptide levels were found to be useful risk predictability markers. 9 However, many studies have not confirmed the effectiveness of this test for patients with cancer or osteoporosis. [33] [34] [35] [36] The retrospective nature of the present study is counterbalanced by the larger sample of cases of surgical treatment of BRONJ than reported in the rest of the literature. However, further research based on prospective studies is needed to clarify these findings.
Surgical treatment options for BRONJ are still under debate, and no evidence-based guidelines are available. An analysis of the present data indicated that local debridement and resective surgery resulted in an improvement, albeit modest, in the overall clinical condition. Resective surgery appeared to be associated with a higher rate of clinical success compared with local debridement.
